The fermentation of lactose by salmonellae has seldom been accomplished, and in but few serological types (Kauffmann, 1954; Kristensen, 1948 Kristensen, , 1955 . In previous investigations we (Schafler and SchiLfler, 1959) succeeded in obtaining lactose-positive variants in 17 out of 30 salmonella strains belonging to different types, by means of 32 to 150 days of incubation on partially defined media containing lactose. All lactose-positive variants acquired the capacity of primarily fermenting cellobiose, which was fermented by the mutants of initial strains. At the same time, most variants acquired the capacity of fermenting salicin and arbutin. The other biochemical and antigenic properties of lactose-positive variants remained unchanged. We found similar connections between the acquired capacity of fermenting lactose and the fermentation of cellobiose, arbutin, and salicin in certain Escherichia freundii strains (Schaifler and Benes, 1959) .
It is the aim of the present paper to analyze the relationships existing between the fermentation of lactose and of cellobiose. An attempt was made to establish the mechanism by which the capacity to ferment lactose is acquired in salmonellae.
MATERIALS AND METHODS
Strains. Our investigations were carried out with 56 strains of salmonellae belonging to different serological types (table 1), one strain of the Arizona group, and 22 strains (I+M+Vi-C) of Escherichia coli (mutabile). The salmonellae, as well as the Arizona strain, were kindly supplied from the collection of microbial cultures of the Cantacuzino Institute, while the strains of E. coli (mutabile) were isolated from feces by Dr. T.
Horodniceanu.
Ten strains of Shigella sonnei were received from Dr. N. Olinici.
Media. The basic medium employed was Koser's solution (NaHNH4PO4.4H20, 1.5 g; KH2P04, 1 g; MgSO4-7H20, 0.2 g; H20, 1000 ml), to which 0.2 per cent Witte peptone, 0.002 per cent bromothymol blue, and 0.5 per cent of the investigated carbohydrate were added (18 by 180 mm tubes containing 7 ml culture medium). The same medium, containing 2 per cent agar and 0.004 per cent bromothymol blue, was used for the isolation of variants.
RESULTS
Connection between previous fermentation of cellobiose and the fermentation of lactose.
(1) Experiments involving the whole population:-Since we found that salmonella variants which ferment lactose also acquire the property of fermenting cellobiose (Schafler and Schafler, 1959) , we attempted to determine how far preliminary fermentation of cellobiose, achieved by mutative means by various salmonella strains, could influence the subsequent acquisition of the capacity to ferment lactose.
In preliminary experiments we established that in some strains the duration of contact with and the number of successive passages on cellobiose may influence the subsequent fermentation of lactose. The inoculum, in lactose tubes, was therefore prepared as follows: the bacteria were cultured in a tube containing 0.5 per cent cellobiose; fermentation occurred within 3 to 10 days at 37 C. After the fermentation of cellobiose, the culture was transferred to a second tube of cellobiose which was incubated for 7 more days. From Table 1 shows that of 56 strains initially cultured in cellobiose medium, 43 fermented lactose, whereas 13 did not. Of the 43 strains which fermented lactose, 24 did so within less than 20 days. Lactose was fermented by 4 strains transferred from broth and by 5 strains from maltose medium; with a single exception, the fermentation of lactose took longer in control tubes than in strains previously cultured in cellobiose.
Lactose-positive and lactose-negative colonies could be isolated on solid Koser medium plus 0.5 per cent lactose from all the tubes in which lactose fermentation had occurred. The lactosepositive variants fermented lactose within 3 to 12 days, depending on the respective strain. Lactose-positive variants maintained their antigenic characters as well as their sensitivity towards the polyvalent OI, antisalmonella phage.
The appearance of lactose-positive variants in certain strains, by culturing in lactose those strains which had previously been incubated in broth or maltose, may have been due to the use of the Koser-peptone medium, which greatly promotes the development of such variants. In certain salmonellae (i. e., S. newington or S. minnesota) lactose-positive variants can be obtained following transfer from broth, after a more prolonged incubation, or by inoculation in a greater number of tubes (30 to 40) at a time.
In another experiment, the 13 strains which did not ferment lactose after incubation for 7 days Two types of cellobiose-positive colonies were observed in S. stanley; some were larger and fermented lactose within 9 to 10 days, whereas others were smaller and fermented lactose within 20 to 36 days. Incubation of the small colonies for 20 days in cellobiose medium resulted in but an insignificant shortening of the interval required for the fermentation of lactose.
Smaller differences were noticed in cellobiosepositive colonies of S. glostrup in their capacity to produce lactose-positive variants (from 15 to 26 days); one colony took 36 days to ferment lactose.
In S. newington, cellobiose-positive colonies behaved almost alike in the formation of lactosepositive variants which appeared after 8 to 12 days.
Extremely variable behavior of cellobiose-positive colonies in giving rise to lactose-positive variants was likewise observed in S. sandiego, S. newbrunswick, and S. chittagong, whereas the colonies of S. rubislaw and S. minnesota strains behaved far more consistently.
The effect of prolonged incubation in cellobiose medium on the appearance of modified cells, which in turn have a greater capacity to form lactose-positive variants, could be observed in S. potsdam. The population arising from a cellobiose-positive colony of this strain, incubated for 24 hr in liquid medium containing cellobiose, fermented lactose within 31 days. After incubation for an additional 14 days in cellobiose, the fermentation of lactose occurred after only 13 days. Unlike colonies from the cultures which had been incubated 24 hr in cellobiose, cellobiose-positive colonies obtained from a culture incubated for 14 days in this carbohydrate displayed a very different behavior, fermenting lactose within 14 to 48 days. The culture maintained for 24 hr in cellobiose did not yield daughter colonies on Koser-agar plus lactose medium, whereas the same culture, incubated for 14 days in cellobiose gave rise to a great number of daughter colonies which exhibited intense fermentation of lactose.
An enhanced fermentation of lactose was noticed whenever S. stanley, S. heidelberg, S. glostrup, and S. minnesota were previously adapted to salicin; salicin was more efficient than cellobiose in this case. Evidence was reported (Schafler and Schiafler, 1959 ) that salicin and cellobiose were seemingy broken down by the same enzyme produced by E. freundii and salmonellae mutants showing an increased ,B-glucosidase activity.
Lactose-positive cultures obtained from isolated cellobiose-positive colonies gave rise, on 1959] solid medium, to lactose-positive and lactosenegative colonies. Lactose-positive colonies developed a more intense fermentation of cellobiose than the original colonies. The fermentation of cellobiose was always more intense than that of lactose. Lactose-negative colonies developed a less intense fermentation of cellobiose, sometimes even less than in the original colonies.
Obtaining lactose-positive variants from cellobiose-positive variants seems to depend upon a series of additional conditions, such as: the composition of the medium, aeration, and the amount of cellobiose in the liquid medium containing cellobiose and lactose. The quantitative analysis of these factors as well as of the genetic aspects of the phenomena observed will form the object of another study.
Stability of lactose-positive variants. In view of the stability of lactose-positive variants, 17 such variants obtained in a previous experiment (Schilfler and SchiLfler, 1959 ) from different types of salmonellae by means of prolonged incubation on Koser medium plus 0.2 per cent peptone and 0.5 per cent lactose, were subjected to 20 passages on broth. The results obtained with these 20 broth passages were as follows: the variants of S. bispebjerg, S. typhimurium, S. brandenburg, S. anatum, S. senftenberg, S. kirkee, and S. amager strains remained unchanged. S. abony, S. montevideo, and S. london gave rise to 2 types of lactose-positive colonies, one of which fermented lactose just as the original variant whereas fermentation by the second type was less intense. The variants of S. derby, S. lomita, S. enteritidis (gartner), S. aberdeen, S. onderstepoort, S. carrau, and S. telaviv strains dissociated into lactose-positive and lactose-negative variants. Lactose-positive colonies prevailed in most strains.
In S. derby, S. enteritidis (gartner), and S. carrau, the lactose-negative colonies maintained the ability to ferment cellobiose in the same manner as the original lactose-positive variants.
The marked stability of cellobiose fermentation was observed even after 20 passages in broth of certain cellobiose-positive variants of S. montevideo, S. lomita, S. enteritidis (gartner), S. london, S. onderstepoort, S. carrau, and S. telaviv strains.
Attempts made with other Enterobacteriaceae. Changes in the capacity of fermenting cellobiose and salicin were tested in 22 strains of E. coli (mutabile) after they had acquired the property of fermenting lactose following prolonged incubation in this carbohydrate. Unlike salmonella, none of these strains exhibited any change in their capacity of fermenting cellobiose or salicin after having previously fermented lactose. This experiment confirmed our previous data (Schafler and Schafler, 1959) concerning the different specificity of /3-glucosidases in E. coli, and in E. freundii and salmonellae.
No relationship was found between fermentation of lactose and cellobiose into lactosepositive mutants of Shigella sonnei.
In a strain belonging to the Arizona group, which initially did not ferment cellobiose, the lactose-positive variants acquired the capacity of fermenting cellobiose. Unlike the behavior of salmonellae, the fermentation of cellobiose was less intense than that of lactose.
DISCUSSION
The acquired property of fermenting lactose consequent upon preliminary fermentation of cellobiose in 55 out of 56 salmonella strains proves that the phenomenon observed may be considered as constant in most salmonellae. The fermentation of cellobiose is easily obtained in practically all salmonellae; we thus obtained mutative fermentation of cellobiose in 79 out of 81 salmonellae belonging to different types.
In accordance with the phenomena observed under certain medium conditions, the salmonellae can be considered to be delayed lactose-positive.
The connection between the fermentation of lactose and that of cellobiose seems to be a common feature in all lactose-positive salmonella obtained by fermentation of lactose in the absence of preliminary fermentation of cellobiose, the variants obtained implicitly became cellobiosepositive. In most cases, they also acquired the capacity of fermenting arbutin and salicin. This connection may be due to the steric similarity between the fl-galactosidic bond of lactose and the ,B-glucosidic bond of cellobiose, arbutin, and salicin. Maltose, which is similar to cellobiose but in which the glucose molecules are connected by the a-glucosidic bond, had no influence.
As regards the mechanism by which the capacity of fermenting lactose is acquired in salmonellae, our experimental data suggest the following hypothesis: the fermentation of lactose part of the initial population, followed by the fermentation of lactose, likewise achieved only by part of the cellobiose-positive population which may be extremely heterogeneous in this respect.
The probable existence of the two stages is indicated by: (a) The attainment of lactose-positive variants following the fermentation of cellobiose; (b) The 
